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Physiology of Appetite 


. SUMMARY 

1. wost of the rats were able to maintain their weight or gain slightly 
s in a self-selection maintenance situstion. 

i &. The selections of most nutrients varied greatly from day to day and 
week to week witnin the same cege and also between the two groups of 
litter-mate.rats. Of special interest is the fact that in one cage average 
casein intake remained cuite constant; in the other cage it fell off 
gradually but persistently. 

S. Beceuse of the marked veriations it is concluded that self-selection. 
maintenance is not a technique that lends itself to discerning small ‘but © 
Significent changes in intekes unless very large numbers of rats are used. 
This would vary, however, depending on the nutrient, for the intakes of 
some substances were much more stable than others. i 

4. "Positional eating" may occur with group feeding, contrary to the 
Observation of Young (J. Comp. Psych. of S71, 1944). While it is not a 
constant flinding its occurrence mekes random changes in the positions of 
the solid foods uecessary. 

5. Ihe amount of inteke of nutrients is apparently regulated lergely 
by the volume of tne solution thst the rat chooses to take and not by 
the concentration. Changes in concentration do not reflect themselves in 
Similer changes in volume. With the possible exception of riboflavin the 
vitamin intake was far ebove physiological requirements. . 
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SELF-SELECTION EXPERIMINT 


f 


Ty Descriptien ef Cages. 


The mest serious problem in cage design fer self-selection experi- 
ments is that ef providing fer accurate measurement ef solid feod intake. 
Rats have a habit ef carrying foed in their paws and in their mouths from 
the food cup to some part of the cage where it drops through the flaor 
screening into the shavings, making accurate mcasurement of food intake 
imnossible. 

A modification of an idea sux ‘ested to us by Dr, &. C, Albritton ef 


bie 5 


the Denartment of Physiology ef George Vashington University, Vashineton, 
D. C., was tried and proved satisfactory, In his self-selection cares Dre 
Albritton employs truncated, cone-shaped, inclined runways which are loca- 
ted inside the cage and at the bottom of which are feed cups, This device 
forees the rat to back up when leaving the cup, and in so doing its front 
paws must be used for balance and motion, asneiviie the animal of the 
opportunity of carrying food. 

In our cagés (Figure 1), the runvay is placed outside the cage for 
two reasons: (1) to reduce the food loss to a still sreater extent, and 
i: (2) to eliminate the necessity sf oesidiess the cage whenever foéd cups 
have to be replaced. The runway was built C6 wie mesh in the shane 6f a 
“truncated cone, The measurements, 2 3/)" at the top, 2" at the bottom over 
a length of 7", were chosen so as to allow young adult animals to craw] 


a 


through the rumvay end yet to prevent then from turning around once there. 
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itative Portion of Self-Selection Unit Showing Lssential 


Represei 


FIGURE 1 
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On our cages the rumvays ig placed in a vertical position with 
the wider diameter at the top, forcing the rats to usc their front legs 
for balance and motion and so preventinz them from carrying food back 
into the cage, Food scattered or dropned is collected in a container sure 
rounding the food runway to half its length. ‘ith this device an accurate 
record of food intake can be kept. 

The runway is attached to the ca:e by means of a flanzed collar and 


the food cup is secured to the rumvay by means of a screw-cap which is 


permanently fixed in its position by soldering it to the end of the rumray. 


A rectangular cage, 25" x 153" x 103" serves as the basis of the 
seli=-selection unit, the "rat cafeteria". The sides and top of the cage 
are of 18 gauge, 1/1:" mesh sustained by an aluminum alloy or sheet iron 
frame. The floor of the caze is two inches fron the bottom of the frame 
and consists of a removabl« wire screen of 15 gauge 3" wire mesh, Beneath 
the floor, yet within the cace freme, is 2 calvanized metal pan, removable 
to facilitate waste disrosal. 

The entire front ef the caze is hinced and serves as a door. ixperi- 
ence with this type of door, however, indicates that its purnose would be 
better served by a smaller opening about 7! vide located in the center of 
the front side of the cage, This chance in design was ordered for addi- 
tional cages now under construction. 

A metal strip 1" wide, attached. to the rear of the cave, serves as 
an anchorage for drinking tubes used in the self-selection, The calibra~_ 


ted drinkinz tubes used were of the conventional design. 
6 6 
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II, Weight maintenance. 
The ability of the rats to maintain their health and weight in the 
"yat cafeteria" was investizated first. 
Twelve 120 day old female rats of the Sherman strain were used. These 


were distributed between twa cages, three each of two litters in each cage. 
‘ - 


The purified nutrients offered were as follows: 


CaCl, = 25 solution Thiamine - (1) 200 meg/ml 
: (2) °50 neg/ml 
KCl = 15 solution 
Riboflavin - (1) 25 nez/nl 
LigSO = 0.5% solution (2) 50 mec/ml 
Tap Water. Niacin - (1) 1000 me¢/ml 
(2) 100 meg/nl 
| (2) 6% Pyridoxine - (1) 200 neg/r 
| (2) 100 meg/ml 
NaCl = 3% 
; | Ca Pantothenate - (1) 100 meg/nl 
Biotin - (1) 5-meg/ml - . 
. Cheline chloride — 3000 megfml 
Vitamin A (in cern 911) 100 I.U./ml 
Cern eil 
Casein, vitamin free = as a solid 


Cerelose - as a solid 

The nutrients in liquid form were offered in calibrated tubes ef. capa- 
cities best suited to the individual concentrations used. Because of the 
limited capacity of the food cups, two food runways were set up for each 
: solid nutrient. 
4 weights have been recorded at weelly intervals for a five week period 
; 3 
‘ and are ‘tabulated in Table I. 
; Only eight of the twelve rats gained weight in this period, two main- 
tained their weight and two lost weicht. The rats are being continued on 


self-selection, 


 p-loii #2 | Dios Saag i Continued 


TABLE 1: Weights of Rats Before end During the Five Week Self-Selection 


Period. 
Before : 
‘Rat | Self- | | 
Cage I | i# ectertion. _._| it eek! an eek! 3rd Week [4th Week 5th Week — 
oe ee oe, ee 
Litter 1 1 197 205 z1l 206 205 197 
" 2 189 198 207 210 204 207 
" 3 200 209 219 Pe | 221 215 
Litter 2. 4 193 2.04 214 216 213 213 
" 5 177 187 168 183 176 170 
" 6 155 165 176 177 176 183 
CagellI 
bitte 2° 7 182 178 19¢ 182 181 179 
" & ata? Zz cay?) a 229 223 
" 4 171 WA 1e5 182 185 179 
Litter 1 10 207 217 219 210 00 198 
" ll Z11 230 Z4,0 £37 240 243 
" 12 5 <03 208 z00 202 z16 


III tatake Variation: 

In the initial five week period during wnicn the rats were on self- 
~ selection meinten: nee, the daily intekes of each of tne 17 nutrients 
offered tBisted on page 4) were recordec for eecn of the two groups. 

The extent of the variations of each of tue nutr.ents within eacn 
cage and aden cages 15 presented in three differeRt ways: 


(1) Expressing the range of intake of ezcn nutrie gt in each cage 


in terms of percentage varietion from the minimum inteke (Table &). 
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(2) Charting ‘ie average d: ily intakes of the nutrients on a weekly 
basis (Fig. &). 
(3) Calculation of Sie atbabasie devietions for each nutrient for 
each week (Table 3). 
Examination of these date shows marked variation of inteke for most 
_of the nutrients. Thus in terms of averzege percentage verietion from the 
minimum intake (Table 2) only Ne QHPO ) , NaCi and cerelose nave & range 
below 100%, while KCl, vitemin A in corn oil, riboflavin, pyridoxine, 
corn oil end casein have ranges between 100% and «00%. The ranges of 
the remaining nutrients vesens up to 8lu% of the minimum intake,as in 
the cise of biotin. 
TABLE £: Renge of Weexiy Mean Intekes of Nutrients; expressed as 


percentage variation from the mininun intake. 


| Group il | Average | ee | -faiene __ |e Gr ee eee ‘oup IT| Average 


tos Ee Bas 
329 ee 160 & 


ee eee ES 
eee 
| | 135 
| 16s |} ‘Niacin’ L715 59 60 
a 
400 Pyridoxine” | £50 . 85 165 
255 | 8 Pan 350 3%5 Bee) 
: 7 Choline x00 500 390 
85 | Corn Oil 2 © Riba Toate 140 
310 || Gerelose 14 | 25 19.5 
in 85 | 125 105 =|] Cesein | 200 25 110 
770 300 535 | : 
Ta NSE) ER SORES LCE RR IO Le Reese ONE Aateemeneiae ae Ser mvea em neh en eee SREP eee ree RA Cree LS MRE een Some Hesree's Venee wee wterte en tes 


* Over a 4 week period at one concentration 
** Over a 3 week period at one concentration 
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FIGURE <: Average Daily Inteke ter 6 Hats for bach of 5 Weekly Periods: - 
subscripts foliowing each nutrient refer to cage number. 
. Arrows refén‘to time ofichangés. in ‘e@acentration(gee text) as 


follows: 


Kiboflavin - from 25 mcg/ml to 


Thismine - " 


WNiecin ees 

Pyridoxine - " 

Biotin Rae 

NasHPOg  - " 
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FIGURE &: average Daily Intake Per 6 Rats for Lach of 5 Weekly Periods: 
subscripts following each nutrient refer to cage number. 
Arrows refer to time 6f change in concentration (sce text) 
as follows: 

Riboflavin - from 25 meg/ml to 50 meg/m . 


lhiemine aN 00 Ww ti 50 W 
N iac in ~ " 1000 " 7 if 4 100 " ” 
Pyridoxine - wt £00 " ' " 100 " 1" 
Biotin tor " Bow nm on 6, ae eS 
NaghPO4 " 4% to 6% 
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The differences between the two groups of rats in the intexe of 
perticuls: nitrients are striking; in meny instences these differences 
are greeter than the variations between nutrients. 

Croup I, for exemple, shows an average intake of MgSO, (Fig. <E) 
verying from 15 mls. to 45 mls. and beck to 15 mls. over Fin five week 
period; group II shows an aversge inteke (Fig. <E) rising progressively 
from 2 mls. to lé mls. over the same period. Niacin average intake (Fig. <A) 
increased from « mls. to about 10 mls. after a reduction in concentration 
to one-tenth of the original concentration; the aver:ge niacin intake 
for group II (Fig. 2k) fell from 3 mls. to « mls. and then rose to 6 mls., 
with a similer reduction in concentration. Similer differences between the 
two groups of rats are evident in the c:se of mny of the other nutrients 
as shown in Figures «A-<F. 

The stendard deviations (Table 3) of NaCl, NazHPO,, shown in Teble 2 
to be relatively steble in respect to intikes, ere consistently less 
than one-half of their respective averege daily intakes. The standerd 
Asti one for cerelose are even lower, being consistently less then 
one-cuarter of the meens. 

Stenderd devietions for these three nutrients seem to show little 
veriability. Stendard deviations for the other nutrients varied con- 
Siderebly. For exemple, the stsndard devietions of biotin ‘uty from 
50% of the meen to 40% greater than the meen in group I; in group II 
from 50% of the meen to 100% greater then the meen. Intike of thiamine 
shows stendard devietions which vary from 30% of tne meen to 500% greeter 


than the meen in group II; from 75% of the meen to 25%greater than the 


“ : 
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meén in group I. 


Stenderd deviations for KCl, vitamin A in corn oil, casein and corn oil 
ére generelly 5C% of their respective meens or less (Table 3). Those 
for CaGlz, MgSO,, water, riboflavin, niacia, calcium pantothent: te, 
choline chloride and pyridoxine very from approximately 50% of their 
respective means to velues eau:l to or slightly greeter than the means. 
IV Positionsl Eeting: 

A study was made of the problem of "positional eating". The four food 
runways were numbered according to their position around tne cege 
as follows; 


Position #1 - left frontof cege 


Position #3 - left rear " " 
Position #4 ~ right rear" 1 
Position 6 ~ right front " " 


The solid foods, ec: sein end cerelose, were moved as indicated below 

and the inteke anc positions were recorded daily. In cuge I the 

positions of these foods were cnenged deily in « rendom manner for 

a three week period and then were kept constent for two weeks; in 

cage II the positions were changed duily for the entire five week period. 
Table 44 shows the percentege of total weekly inteke of each of 

these tio foods at esch position in cage II for the five weexly periods. 

It is apparent thet the animals ate more of tne solid foods from 

position 3! than from any of the others. Out of 19 possible choices, 

eating position 1 renked first in inti«ke le times and ranced second © times. 

This left only the one remeining choice to fit the two remaining ranks, 


& condition whicn is well above the probability due to chence sampling. 
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TABLE 4A; Pe rcentage of Total Intake from Hach Food Cup at Hach Position. 


CAGE IT 


[ Cup I-Cerelose Cup IV-Cerelose 


TABLE 4B: Percentage of Total Intake from Fach Food Cup at Hach Position 


CaGk I 


a —o— at ere ss 


———. 


Cup I-Cerelose|/Cup IV_Cerelosq Cup Ii-Caseinl Cup IiI-Casein 


genera ana 


Week lst |énd | 3rd 


1 0/20.6 
g £7.0 
4 23.6 
6 13.6 
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Table 4B presents a similar breakdown of the three weex period 
in which the positions were changed in cege I. In this case the dis- 
tribution of the amount of food intake is much more in accordince 
with rendom choice. 

Tous, in the behaviour of the rats in one cuge, there appears to 
be # clear-cut example of "positional eéting", while in the other 
cage this was not so epperent. 

V Changes in Concentration: 

The effect of changes in concentration on intzike, both Licuid 
and solid equivelent, was next investig:ted. With slight variations, 
concentrations of the Licuid nutrients first empioyed were those used 
by Richter end Hawkes ( Am. J. Physiol. 131 639, 1940) and are given 
on page 4 under weight maintenence. Sodium phosphate (dibesic), 
thiamine hydrochloride, riboflzvin, niacin, pyridoxine end biotin 
were selected for change in concentretion. The results of the changes 
ere tabuleted in Teble 5. 


a. Effect on volume. 


oo 


(ihen the concentration of sodium phosphate wes increased from 4% to 6% 

there was « decrease in liquid intake of 55% in cage I and a decrease 

in liquid inteke in c: ge II of 48%. The concentri.tion of thiamine 

was decressed to one-querter of the original value (i.e. from 2Z00mcg/ml 

to 50 mcg/ml). Following this the licuid intike decreased to nne- 

seventh of its previous value in cege I wnile in cage II it decreased 

to one-half of its previous velue . Doubling the concentretion of 
riboflavin from <5 mcg/ml to 50 meg/mL wes followed bye slignt in- 


crease in inteke in cege I and «4 tnree-~fold increase in cage II. 
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When the concentration of niacin was reduced to one-tenth of its 
origine| value from 1000 mcg/ml to 100 meg/ml the intake in cage I 
decreased 30%; in cage II, however, the reduction in concentretion 
was folloved by an increase in inteke of 500%. When the concentration of 
pyridoxine was hulved, from <00 mcg/ml to 100 mcg/ml, the intake 
of this vitamin wes decreased by a proportionate amount in cage II 
while in cage I a reduction to one-tenth the originel intake occurred. 
Reducing the concentration of biotin from 5 mcg/ml to 0.1 mcg/ml 
was followed by en increase in inteke of 100% in ce ge I and a decrease 
in inteke of 150% in cage II. 

b. Effect on intake of nutrient. 

As the concerntretions of thiamine, niecin, pyridoxine «and biotin 
were decreesed, the intakes of the nutrients decreesed in all instances, 
but the percentage of decreasé varied greatly end the pattern of intike 
in the two cages was entirely different. As the concentretion of 
riboflevin was increased the nutrient inteke increased slightly in 
one cege and murkedly in the other. However, as the concentration of 
Na;HPO, was increased, nutrient inteke decreased in both cages. 

VI Conclusions: 

1. Most of the rats were eble to maintein their weight or gzin 
slightly in & self-selection meintenance situation. 

2. The selections of most nutrients veried greatly from day to 
day oe week to eek within the same cage end elso between the two groups 
of litter-mate rets. Of special interest is the fact that in one cage 
everage casein intekeremained quite constent; in the other cage it 
fell off gradually but persistently. ; : ek ae ee Fe 


rt - We 
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2. Beceuse of the merked veriations it is concluded thet self- 
selection meintenance is not & technicue that lends itself to discenn- 
ing small but significant changes in intexes unless very lerge numbers 
of rats are used. This would very, however, depending on the nutrient, 
for the intekes of some substances were much more stable then others. 

4. “Positional ezting" may occur with group feeding, contrary to 
the observetion of Young. * . While it is not «& constent finding 
its occurrence mkes random changes in the positions of the solid foods 
necessary. 

5. The amount of intake of nutrients is epparently regulited lergely 
by the volume of the solution thet the ret chooses to teke and not 
by the concentretion. Changes in concentretion do not reflect themselves 
in similer chenges in volume. With the possibie exception of riboflavin 


the vitemin intake wes far above physiologicel requirements. 


* Young,P.T. - J. Comp. Psych. 37 371, 1944 
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TASTE THRESHOLD LAPLATMENT 

Richter (Hervey Lectures 33 63,194<-3) studied the intike by rats 
of solutions of verious toxic substances offered in eredu:liy increes- 
ing concentrations in «a simple choice situation with water as tne elters. 
native. It was thought worthwaile to repeet and extend some of his 
experiments. 

Mercuric chloride was the first substence studied. Three mule rats 
approximately lzo deys old, of the Shermen strain, were used, eech 
in a seperate cége. 

Before offering the mercuric chloride an ettenpt was made to 
equalize the weter inteke from eacn of the to tubes in order to rule 
out the effects of "positionsi " selection or other idiosyncrecies. 
Tube positions were chenged in = random manner. At the end of eight 


deys total intexes were as follows: 


Tube #1 Tube #< 
Ret #1 <04 mls. <l6 mls. 
Ret #2 Age. 3 Pe 
Rat #3 ae zeO 


Except in the case of Ret #1, equalization did not take plece. 

Mercuric chloride was therefore introduced into thet tube showing the 
greatest intake so thet any decrease would be more readily detected. 

In the next <0 days each of tne three rats were given mercuric chloride 
solutions of regulerly increasing concentretions. Fach concentration 
of mercuric chioride was offered for a two-day period followed by weter 
as a check after every two succeeding concentretion Levels. Tubes were 


chenged in a rendom manner. 
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FIGUKi 3: Lffect of Increasing Concentration of HgClp on Intake 
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Tne concentration of the solution was increesed from 0.000Z2% to 
0.004% when inteke of mercuric chloride stopped. At this point water 
was substituted for the mercuric chloride. 

Figure 3 shows the intekes of mercuric chloride solutions ‘snd of 
weter es the concentr: tion of the former was increased. 

It cen be seen thet tie bate of mercuric chloride decreased 
sh:rply ¢s the concentritions increased beyond 0.001%. At this point 
there is en immediate increase in water int~eke showing the response 
to a substitution of water for mercuric chloride. 

These results closely follow those reported by kicinter. 

In & similar menner the teste tnreshoid for sodium ersenite wes 
investigeted(Figure 4). As the concentration of sodium arsenite 
was increesed from 0,0002% to 0.0lc%, inteke decreased from 30 mls. 
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. 4: Effect of Increasing Concentration of Sodium arsenite on Intake 
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. water tube decreased proportionately at the seme time. 
In generel the pettern for sodium ersenite fotlovs tht of 


ce chlorice quite closely. 


